Resistance of human cytomegalovirus to ganciclovir/valganciclovir: a comprehensive review of putative resistance pathways.
Human cytomegalovirus (HCMV) is a pathogen that can be life-threatening in immunocompromised individuals. Valganciclovir and its parent drug ganciclovir are currently the principle drugs used for the treatment or prevention of HCMV disease. The development of HCMV resistance to ganciclovir/valganciclovir has been documented in treated patients and is associated with the emergence of amino acid substitutions in the viral proteins pUL97, pUL54 or both. Generally, single amino acid substitutions associated with clinical resistance that alone do not confer decreased ganciclovir susceptibility in cell culture have been disregarded as causative or clinically significant. This review focuses on the analysis and mechanisms of antiviral drug resistance to HCMV. We also conducted a review of publicly available clinical and nonclinical data to construct a comprehensive list of pUL97 and pUL54 amino acid substitutions that are associated with a poor clinical response to the first line therapies ganciclovir and valganciclovir, or associated with reduced HCMV ganciclovir susceptibility in cell culture. Over 40 putative ganciclovir/valganciclovir resistance-associated substitutions were identified in this analysis. These include the commonly reported substitutions M460I/V and C592G in pUL97. There were additional substitutions that are not widely considered as ganciclovir/valganciclovir resistance-associated substitutions, including V466M in pUL97 and E315D in pUL54. Some of these ganciclovir/valganciclovir resistance-associated substitutions may confer cross-resistance to other HCMV therapies, such as cidofovir and foscarnet. Based on this review, we propose that there are more potential HCMV ganciclovir/valganciclovir resistance pathways than generally appreciated. The resulting comprehensive list of putative ganciclovir/valganciclovir resistance-associated substitutions provides a foundation for future investigations to characterize the role of specific substitutions or combinations of substitutions, which will enhance our understanding of HCMV mechanisms of ganciclovir/valganciclovir resistance and also provide insight regarding the potential for cross-resistance to other HCMV therapies.